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Description 

[0001] The present invention relates to a method and 
a device for driving an AC type plasma display panel. 
[0002] A plasma display panel (PDP) has been widely 5 
used as a monitor of a television or a computer since a 
color screen was commercialized. As a using environ- 
ment is diversified along with the widespread use, a driv- 
ing method is desired that can realize a stable display 
without being affected by temperature variation or volt- 
age regulation of a power source. 
[0003] As a color display device, a surface discharge 
format AC type PDP is commercialized. The surface dis- 
charge format means a structure in which display elec- 
trodes (first electrodes and second electrodes) to be an- 
odes and cathodes in display discharge for ensuring lu- 
minance are arranged on a front or a back substrate in 
parallel, and address electrodes (third electrodes) are 
arranged so as to cross the display electrode pairs. There 
are two arrangement forms of the display electrodes. In 
the first form, a pair of display electrodes is arranged for 
each row of a matrix display. In the second form, the first 
and the second display electrodes are arranged alter- 
nately at a constant pitch. In the second form, the display 
electrode except both ends of the arrangement works for 
displays of two rows. Regardless of an arrangement 
form, the display electrode pairs are covered with a die- 
lectric layer. 

[0004] In a display of a surface discharge format PDP, 
one of the display electrode pair (the second electrode) 
corresponding to a row is used as a scan electrode for 
selecting a row, so that address discharge is generated 
between a scan electrode and an address electrode, 
which causes address discharge between display elec- 
trodes. Thus, an addressing is performed controlling wall 
charge quantity in the dielectric layer in accordance with 
display contents. Afterthe addressing, sustaining voltage 
Vs having alternating polarities is applied to the display 
electrode pair. The sustaining voltage Vs satisfies the 
following inequality (1). 

VfxY - VWxy < Vs < Vfxy (1) 

[0005] Here, Vf XY denotes discharge start voltage be- 
tween display electrodes, and Vw XY denotes wall voltage 
between display electrodes. 

[0006] By applying the sustaining voltage Vs, cell volt- 
age (the sum of drive voltage that is applied to the elec- 
trode and the wall voltage) exceeds the discharge start 
voltage Vf XY only in cells having predetermined quantity 
of wall charge so that surface discharge is generated on 
the surface of the substrate. When the application period 
is shortened, light emission looks as being continuous. 
[0007] A discharge cell of a PDP is basically a binary 
light emission element. Accordingly, a halftone is repro- 
duced by setting integral light emission quantity of an 



individual discharge cell in a frame period in accordance 
with a gradation value of input image data. A color display 
is a type of the gradation display, and the display color 
is determined by combining luminance values of three 
primary colors. For the gradation display, a method is 
used in which one frame is made of plural sub-frames 
(subfields in the case of an interlace display) having lu- 
minance weights, and the integral light emission quantity 
is set by combining on and off of the light emission for 
each subframe. 

[0008] Fig. 1 2 is a diagram of voltage waveforms show- 
ing a general driving sequence. In Fig. 12, reference let- 
ters X, Y and A denote the first display electrode, the 
second display electrode and the address electrode, re- 
spectively. Each of the numeric letters 1-n added to X 
and Y indicates the arrangement order of the row corre- 
sponding to the display electrodes X and Y. Each of the 
numeric letters 1 -m added to A indicates the arrangement 
order of the column corresponding to the address elec- 
trode A. 

[0009] A subframe period Tsf assigned to a subframe 
includes a reset period TR for equalizing charge distri- 
bution in the screen, an address period TA for forming 
the charge distribution in accordance with display con- 
tents by applying a scan pulse Py and an address pulse 
Pa and a sustain period (also referred to as a display 
period) TS for ensuring a luminance value corresponding 
to a gradation value by applying a display pulse Ps. The 
lengths of the reset period TR and the address period 
TA are constant regardless of a luminance weight, while 
the length of the sustain period TS is longer as the lumi- 
nance weight is larger. The illustrated set of waveforms 
is an example. It is possible to modify the amplitude, the 
polarity and the timing variously. 
[0010] In the reset period TR, a writing pulse Prx Is 
applied to all the display electrodes X so that whole sur- 
face discharge is generated andthe wall charge is erased 
by self-erasing discharge accompanied with the end of 
the pulse application. The address electrode A is sup- 
plied with a pulse Pra for preventing undesired discharge. 
There is a method for equalizing the charge distribution, 
in which a ramp waveform pulse is applied so as to control 
the charge quantity. In the address period TA, all the 
display electrodes Y are biased to non-selection potential 
Vya2 at the start point in time, and then the display elec- 
trodes Y corresponding to the selected row I (I g | £ n) 
are biased to selection potential Vya1 temporarily (appli- 
cation of the scan pulse). In synchronization with the row 
selection, the address electrodes A are biased to the se- 
lection potential Vaa only in the column including the se- 
lected cells generating the address discharge of the se- 
lected rows (application of the address pulse). The ad- 
dress electrodes A of the column including the non-se- 
lected ceils are biased to the ground potential (usually 
zero volts). The display electrodes X are biased to a con- 
stant potential Vxa from the start to the end of the ad- 
dressing regardless of being the selected row or the non- 
selected row. In the sustain period TS, the display pulse 
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Ps having the amplitude Vs is applied to the display elec- 
trode Y and the display electrode X alternately. The 
number of the pulse application is substantially propor- 
tional to the luminance weight. 

[0011 J In a PDP, internal electrification characteristics 5 
depend on operating temperature, so that a difference 
of the charged state can be generated between cells de- 
pending on a display pattern. As a result, the conventional 
driving method has a problem that an addressing error 
is aptto occurbecause of excessive orinsufficient charge 
at interelectrode AY between the address electrode A 
and the display electrode Y. This problem will be ex- 
plained as follows. 

[001 2] Fig. 1 3 is a diagram of waveforms showing cell 
voltage variation in the address period of the convention- 
al method. In Fig. 1 3, thick solid lines indicate appropriate 
variation of the cell voltage (the sum of the applied voltage 
and the wall voltage), while chain lines indicate inappro- 
priate variation of the cell voltage. 
[0013] Here, the k-th cell in the selection order ]-th row 
is noted. A display pattern is supposed, in which an ad- 
dress electrode A corresponding to the k-th column is 
biased to the address potential Vaa, i.e., the display data 
D| k -D jk of the k-th column and of the first through i-th 
rows are the selected data in the period before the noted 
row becomes the selected row and while the first through 
i-th (i < j) rows are the selected rows. The wall voltage at 
the interelectrode XY at the start point of the address 
period TA is denoted by Vwxyl , and wall voltage at the 
interelectrode AY at the start point of the address period 
TA is denoted by Vway 1 . 

[0014] If the operating temperature is relatively low, 
the wall voltage does not alter before the noted row be- 
comes the selected row remaining substantially at the 
initial value. Therefore, when the noted row becomes the 
selected row, and the display electrode Yj is biased to 
the selection potential Vya1 , and when the address elec- 
trode A k is biased to the address potential Vaa, the cell 
voltage (Vwayl + Vaa - Vya1) at the interelectrode AY 
exceeds a discharge threshold level Vf AY , so that ad- 
dress discharge Is generated. The address discharge 
causes changes of the wall voltage at the interelectrode 
AY and the wall voltage at the interelectrode XY, followed 
by formation of a charged state that is suitable for an 
operation of the subsequent sustain period. The address 
discharge causes wall voltage Vwxy2 at the interelec- 
trode XY and wall voltage Vway2 atthe interelectrode AY. 
[0015] Before the noted row becomes the selected 
row, even if the address electrode A k is biased to the 
address potential Vaa, discharge cannot be generated 
because the cell voltage at the interelectrode AY of the 
noted row Is lowerthan the discharge start threshold level 
Vf AY . However, when environment temperature rises, or 
heat due to the display is accumulated, the cell temper- 
ature may rise above the normal temperature. Accord- 
ingly, the cell voltage at the interelectrode AY approaches 
to the discharge start threshold level Vf AY , and the wall 
voltage at the interelectrode AY may alter when micro- 



discharge is generated even if the cell voltage is below 
Vf AY . There is also the case where remaining minute 
quantity of space charge affects the wall voltage to alter. 
Due to the variation of the wall voltage, the cell voltage 
at the interelectrode AY when the noted row becomes 
the selected row becomes lowerthan the normal voltage, 
and the address discharge intensity (variation quantity 
of the wall voltage due to the discharge) is lowered. 
Therefore, the variation quantity of the wall voltage at the 
interelectrode XY, which is expected to occur at the same 
time as the variation of the wall voltage at the interelec- 
trode AY during the address discharge, also becomes 
little. In this case, since the wall voltage (Vwxy2*) at the 
interelectrode XY of the cell to be lighted is insufficient, 
a lighting error may occur in the subsequent sustain pe- 
riod, resulting in a disturbance of the display. 
[001 6] In order to suppress this undesired variation of 
the wall voltage, it is good to decrease the difference 
between the no n- selection potential Vya2 of the display 
electrode Y and the address potential Vaa of the address 
electrode A. However, the difference between the selec- 
tion potential Vya1 and the address potential Vaa should 
be set to a sufficiently large value for ensuring intensity 
of the address discharge at the interelectrode AY. There- 
fore, decrease of the difference between the non-selec- 
tion potential Vya2 and the address potential Vaa and 
the drop in the address potential Vaa close to the address 
potential of the non-selection potential mean that the dif- 
ference between the selection potential Vya1 and the 
non-selection potential Vya2 of the display electrode Y 
is enlarged and require increase of withstand voltage of 
scan circuit components. In the address period, voltage 
corresponding to the difference between the selection 
potential Vya1 and the non-selection potential Vya2 is 
applied across the power source terminals of integrated 
circuit components called scan drivers. It is necessary to 
use scan drivers having specifications that can satisfy 
the voltage. The increase of the withstand voltage of the 
integrated circuit will cause a substantial increase of the 
component price. 

[0017] JP10207426 discloses a method of driving a 
plasma display panel, in which a frame is provided with 
three or more sub-frames having luminance weights, and 
light emission is turned on or off for each subframe in 
order to realise a gradation display. In the third example 
disclosed in that document, the sustain discharge periods 
within each subframe are shortened in dependence on 
the skin temperature of the screen. The thus produced 
idle periods are then brought together at the end of the 
frame, or else distributed amongst the subfields, in order 
to prevent pseudo contours. 

[0018] It is desirable to stabilize a display by realizing 
addressing that is hardly affected by operating environ- 
ment without increasing the withstand voltage of circuit 
components. 

[0019] The invention is set forth in the attached claims 
1 and 2. 

[0020] In embodiments of the invention, a frame is re- 
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placed with a plurality of subframes having luminance 
weights, and a drive haft period, in which no pulse is 
applied and no electrode bias is switched is provided 
purposely between at least some of the plural subframe 
periods and the subsequent subframe period. The Ian- 5 
guage "purposely - preferably means that the length of 
the drive halt period is longer than 1 00 microns, prefer- 
ably more than 200 microns, and is sufficiently long com- 
pared with a pulse interval of micron order that is usually 
set. The form in which a part of the frame period is made 
the drive halt period may include a light emission control 
in which at least one subframe is forced to be a non- 
lighted subframe. Preferably, in the subframe to be the 
non- lighted subframe, display discharge is not generat- 
ed, so at least the sustain period becomes substantially 
the drive halt period. Furthermore, in the case of a write 
address format in which the wall voltage of the cell to be 
lighted is raised, the address period may also become 
substantially the drive halt period. By providing the drive- 
halt period, the disturbance of display may be reduced 
for the following reasons. 

[0021] It is confirmed by experiments that the distur- 
bance of display due to the incorrect addressing appears 
conspicuously under the following conditions (1)-(3). 

(1 ) when the surface of the panel is exposed to high 
temperature. 

(2) when a display load factor is 100% or nearly 
100%. 

(3) when the display load factor of one of the red, 
green and blue colors is 100% or nearly 100% in a 
color display. 

Here, 'display load factor" means a value depending 
on the sum of the gradation values in one screen of 
the image data to be displayed and is defined as an 
average value of a ratio Di/Dmax of all cells when Di 
(0 ^ Di ^ Dmax) is the gradation value of the cell i 
in one frame. 

In addition, the following facts (4)-(6) are proved by 
experiments. 

(4) A lighting error is apt to occur in a subframe sub- 
sequent to the subframe having a large luminance 
weight. 

(5) A lighting error is generated uniformly In any sub- 
frame regardless of the luminance weight. 

(6) The larger the luminance weight of the subframe 
in which a lighting error occurs, the more the lighting 
error affects the image quality as display un even- 
ness. 

Concerning the fact (4), there is a relationship that 
if a luminance weight of a certain subframe is large 
(i.e., if the number of display pulses is large), a wall 
voltage variation AVway of the interelectrode AY in 
the address period of the subsequent subfield in* 
creases. A concrete example of this relationship is 
shown In Fig. 1 . 

Considering the conditions and facts (1)-(6), a solu- 
tion of the problem has been searched. Then, the 



following facts (7) and (8) are discovered. 

(7) A drive halt period is provided between the end 
of a display of a subframe in which cells are lighted 
and the start of the addressing of the subsequent 
subframe. When increasing the length of the drive 
halt period (i.e., the interval time), the wall voltage 
variation AVway of the interelectrode AY in the next 
subframe decreases, and the lighting error hardly 
occurs. 

(8) If a subframe subsequent to the subframe in 
which cells are lighted is the non- lighted subframe, 
the lighting error hardly occurs in the further subse- 
quent subframe, so that the same effect can be ob- 
tained as the above-mentioned method in which the 
interval time is elongated. A concrete example of the 
relationship between the interval time and the wall 
voltage variation AVway is shown in Fig. 2. In this 
example, the wall voltage variation AVway can be 
reduced to below 10 volts when the interval time is 
500 microns, and can be reduced down to approxi- 
mately one volt when the interval time is 1000 mi- 
crons. 

[0022] As explained above, it is effective in stabilizing 
a display to provide the drive halt period. However, since 
a frame period of a full motion display is fixed to approx- 
imately 16.7 milliseconds, the time that can be allocated 
to the subframe is reduced when a part of the frame pe- 
riod is allocated to the drive halt period. If the number of 
display pulses is reduced, the luminance is lowered. If 
the number of subframes is reduced, gradation quality is 
deteriorated. Therefore, it is practical to provide the drive 
haft period only when the lighting error is apt to occur, 
i.e., when a display load is large. In general, when the 
display load is large, the temperature of the panel surface 
is high. 

[0023] When driving a PDP, an automatic power con- 
trol (APC) Is usually performed in which the number of 
display pulses is decreased responding to increase of 
the display load for reducing power consumption. When 
the APC is performed, the sustain period is shortened 
for a large display load. Therefore, the sum of the sub- 
frame periods becomes shorter than the frame period, 
so that a free time corresponding to the difference be- 
tween the sum of the subframe periods and the frame 
period is generated. 

[0024] The free time generated by the APC is divided 
to be distributed within the frame period, so that the light- 
ing error can be reduced effectively. If the above-men- 
tioned fact (4) is noted, it is desirable to provide the drive 
halt period immediately after a subframe having a large 
luminance weight. If the above-mentioned fact (6) is not- 
ed, it is desirable to provide the drive halt period imme- 
diately before a subframe having a large luminance 
weight. In either case, an optimal length of the interval 
time is determined by the relationship of the luminance 
weights of the subframes before and after the drive hart 
period. Therefore, if there is a free time longer than the 
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optimal length, it is desirable to allocate the free time to 
plural drive halt periods without making one drive halt 
period longer than a necessary length. 
[0025] Preferred features of the present invention will 
now be described, purely by way of example, with refer* 5 
ence to the accompanying drawings, in which:- 

Fig. 1 is a graph showing the relationship between 
the number of display pulses in a subframe and a 
wall voltage variation in the next subframe. 
Fig. 2 is a graph showing the relationship between 
an interval time and a wall voltage variation. 
Fig. 3 is a block diagram of a display device accord- 
ing to a first embodiment. 

Fig. 4 is a diagram showing a cell structure of a PDP 
according to the present invention. 
Fig. 5 is a graph showing characteristics of an auto- 
matic power control. 

Fig. 6 is a diagram showing period setting in the first 
embodiment. 

Fig. 7 is a graph showing the relationship between 
the length of the interval time and the effect thereof. 
Fig. 8 is a block diagram of a display device accord- 
ing to a second embodiment. 
Fig. 9 is a graph showing characteristics of the au- 
tomatic power control. 

Fig. 1 0 is a graph showing characteristics of a gain 
adjustment. 

Fig. 1 1 is a diagram showing period setting according 
to the first embodiment. 

Fig. 12 is a diagram of voltage waveforms showing 
a general driving sequence. 
Fig. 1 3 is a diagram of waveforms showing cell volt- 
age variation in the address period of the conven- 
tional method. 

[First Embodiment] 

[0026] Fig. 3 is a block diagram of a display device 
according to a first embodiment. The display device 1 00 
comprises a surface discharge type PDP 1 having a 
screen of m columns and n rows, and a drive unit 60 for 
selectively lighting cells arranged in a matrix. The display 
device 100 is used as a wall-hung television set or a 
monitor of a computer system. 
[0027] In the PDP 1, display electrodes X and Y for 
generating display discharge are arranged in parallel, 
and address electrodes A are arranged so as to cross 
the display electrodes X and Y. The display electrodes 
X and Y extend in the row direction (in the horizontal 
direction) of a screen, and the display electrode Y is used 
as a scan electrode for selecting a row in addressing. 
The address electrode A extends in the column direction 
(in the vertical direction) and is used as a data electrode 
for selecting a column. 

[0028] Fundamental functions of the drive unit 60 are 
realized by a driver control circuit 61, a frame memory 
62, a data conversion circuit 63, a power source circuit 



8 

64, an X-driver 66, a Y-driver 67, an A-driver 68 and a 
display load factor detection circuit 69. The drive unit 60 
is supplied with frame data Df indicating luminance levels 
of red, green and blue colors from an external device 
such as a TV tuner or a computer, together with synchro- 
nizing signals VSYNC and HSYNC. The frame data Df 
are transferred to the data conversion circuit 63 via a 
frame memory 71 1 and are converted into subframe data 
Dsf for a gradation display. The subframe data Dsf is a 
set of display data containing one bit per cell, and a value 
of each bit indicates on or off of light emission of the cell 
in the corresponding subframe, more specifically wheth- 
er address discharge is necessary or not In the case of 
an interlace display, each of plural fields of a frame is 
made of plural subfields, and a light emission control is 
performed for each subfield. However, the contents of 
the light emission control are the same as the case of a 
progressive display. The X-driver 66 controls potentials 
of n display electrodes X, while the Y-driver 67 controls 
potentials of n display electrodes Y. The A-driver 68 con- 
trols potentials of total m of address electrodes A in ac- 
cordance with the subframe data Dsf from the data con- 
version circuit 63. These drivers are supplied with a con- 
trol signal from the driver control circuit 61 and are sup- 
plied with a predetermined power from the power source 
circuit 64. The display load factor detection circuit 69 cal- 
culates a display load factor for each frame referring to 
the frame data Df. The display load factor is used for an 
automatic power control (APC) performed by the driver 
control circuit 61. 

[0029] In addition, the drive unit 60 includes an interval 
setting circuit 71 and a timing adjustment circuit 72, which 
are unique to the present invention. The interval setting 
circuit 71 determines the interval time immediately after 
the subframe period in accordance with the display load 
factor for each subframe period when the temperature 
of the panel surface detected by the sensor 75 is higher 
than a preset value. There is a case where the interval 
time becomes zero for one of the plural subframe periods. 
If the interval time is not zero, the drive halt period is 
inserted between the subframe periods. When the drive 
halt period is inserted, the subsequent subframe periods 
are delayed sequentially. The timing adjustment circuit 
72 starts keeping the interval time from the end of each 
subframe period and informs the driver control circuit 61 
of the start time of the subsequent subframe period. Re- 
sponding to the start time, the driver control circuit 61 
performs a sequence operation concerning a display of 
one subframe (see Fig. 12). 

[0030] Fig. 4 is a diagram showing a cell structure of 
a PDP according to the present invention. The PDP 1 
includes a pair of substrate structures (each of which 
includes a substrate and elements of discharge cells ar- 
ranged on the substrate) 10 and 20. In the cell of the 
display screen ES, the display electrodes X and Y cross 
the address electrodes A. The display electrodes X and 
Y are arranged on the inner surface of a front glass sub- 
strate 1 1 , and each of the electrodes includes a trans- 
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parent conductive film 41 forming a surface discharge 
gap and a metal film (a bus electrode) 42 extending along 
the entire length of the row. The display electrode pairs 
are covered with a dielectric layer 1 7 havingthe thickness 
of approximately 30-50 microns, and the surface of the 
dielectric layer 17 is covered with a protection film 18 
made of magnesia (MgO). The address electrodes A are 
arranged on the inner surface of a back glass substrate 
21 and are covered with a dielectric layer 24. On the 
dielectric layer 24, band-like partitions 29 having the 
height of approximately 1 50 microns are arranged so that 
one partition 29 is disposed between the address elec- 
trodes A. The partitions 29 divide the discharge space 
into plural columns in the row direction. A column space 
31 of the discharge space corresponding to a column is 
continuous over all rows. The back inner surface includ- 
ing upper faces of the address electrodes A and side 
faces of the partitions 29 is covered with fluorescent ma- 
terial layers 28R. 28G and 28B of red, green and blue 
colors for a color display. The italic alphabet letters R, G 
and B in Fig. 4 denote light emission colors of the fluo- 
rescent material layers 28R, 28G and 28B, respectively. 
Each of the fluorescent material layers 28R, 28G and 
28B is excited locally to emit light by ultraviolet rays emit- 
ted by a discharge gas. 

[0031] Hereinafter, a driving method of the PDP 1 of 
the display device 100 will be explained. 
[0032] Fig. 5 is a graph showing characteristics of the 
automatic power control. 

[0033] When the display load factor exceeds 20%, an 
automatic power control function works, and the number 
of display pulses decreases along with the increase of 
the display load factor. The number of the display pulses 
when the display load factor is 100% becomes one half 
of that when the display load factor is below 20%. 
[0034] Fig. 6 is a diagram showing period setting in the 
first embodiment. 

[0035] In this example, one frame is made of eight sub- 
frames. As shown by italic numerals in Fig. 6, the lumi- 
nance weights of these subf rames are 32, 1 6, 8, 1 , 2, 4, 
1 6 and 32, respectively. The reset period TR, the address 
period TA and the sustain period TS are allocated to each 
of the subframes. The length of the sustain period TS 
depends on the luminance weight. 
[0036] When the display load factor is 20% or less, all 
the remaining time (e.g., 7.1 milliseconds), i.e., the frame 
period Tf (approximately 16.7 milliseconds) minus the 
time necessary for total 8 times of the initialization and 
the addressing (e.g., 1.2 milliseconds x 8) are allocated 
to the eight subframes in accordance with the luminance 
weights. Namely, the number of the display pulses is the 
maximum. In this case, the sum of the eight subframe 
periods T1 , T2, T3, T4, T5, T6, T7 and T8 is substantially 
the same as the frame period Tf (the state (A) in Fig. 6). 
[0037] When the display load factor exceeds 20%, the 
automatic power control function decreases the number 
of display pulses as explained above. In this way, the 
sustain period TS of each subframe Is shortened, and 
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the sum of the eight subframe periods T1 ', T2\ T3\ T4\ 
T5\ T6\ T7' and T8' becomes shorter than the frame 
period Tf. If the temperature of the panel surface is lower 
than a preset value, the drive halt period is not provided 

5 between the subframe periods, and a free period TiO 
(e.g., 3.5 milliseconds) is generated after the final sub- 
frame period T8' as shown in (B) of Fig. 6. On the contrary, 
if the temperature of the panel surface is higher than the 
preset value, the drive halt periods Ti1 , Ti2, Ti3, Ti4, Ti5, 

10 Ti6, Ti7 and Ti8 are provided after each of the subframe 
periods as shown in (C) of Fig. 6. Here, when setting the 
length of the drive halt period (the interval time ti), longer 
interval times are provided immediately before and im- 
mediately after the subframe having a large luminance 

15 weight, as a weighting process. In the illustrated exam- 
ple, the long drive halt periods Ti1 and Ti8 are provided 
between the subframe period TV and the subframe pe- 
riod T2' as well as between the subframe period T8' and 
the subframe period T1 ' of the next frame. 

20 [0038] Fig. 7 is a graph showing the relationship be- 
tween the length of the interval time and the effect thereof. 
[0039] The longer the interval period ti is, the smaller 
the AVway becomes. In Fig. 7, it is supposed that if AVway 
is below 5 volts, an address discharge error can be pre- 

25 vented, for example. Then, the interval time of 200 mi- 
croseconds is provided after the subframe whose 
number of display pulses is 16, and the interval time of 
500 microseconds is provided after the subframe whose 
number of display pulses is 32, so that AVway becomes 

30 below 5 volts in the address period of the subsequent 
subframe. 

[Second Embodiment] 

35 [0040] Fig. 8 is a block diagram of a display device 
according to a second embodiment. In Fig.8, elements 
having the same functions as the above-mentioned ex- 
ample are denoted by the same reference characters. 
[0041] The display device 100b includes a surface dis- 

40 charge type PDP 1 and a drive unit 60b for driving the 
PDP 1. Fundamental functions of the drive unit 60b are 
realized by a driver control circuit 61b, a frame memory 
62, a data conversion circuit 63b, a power source circuit 
64, an X-driver 66, a Y-driver 67, an A-driver 68 and a 

45 display load factor detection circuit 69. The display load 
factor detection circuit 69 refers to the frame data Df and 
calculates the display load factor for each frame. The 
display load factor is used for the automatic power control 
(APC) performed by the driver control circuit 61b. In ad- 

50 dition, the drive unit 60b is equipped with a gain adjust- 
ment circuit 73 that is unique to the present invention. 
The gain adjustment circuit 73 performs a gain adjust- 
ment in which a gradation value of a frame is changed 
in accordance with a display load factor when the tem- 

55 perature of the panel surface detected by a sensor 75 is 
higher than a preset value. 

[0042] Fig. 9 is a graph showing characteristics of the 
automatic power control. In the second embodiment, the 
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automatic power control function works when the display 
load factor exceeds a first preset value RO (e.g., 20%), 
and the number of display pulses increases or decreases 
responding to increase or decrease of the display load 
factor within the range from the first preset value RO to 
a second preset value R1 (e.g., 70%). The number of 
display pulses Is not changed when the display load fac- 
tor is below the preset value RO or above the preset value 
R1. 

[0043] Fig. 10 is a graph showing characteristics of the 
gain adjustment. 

[0044] When the display load factor is below the preset 
value R1 , subframe data Dsf is generated that indicates 
the same gradation that the frame data Df indicates. 
Namely, the gain is one. When the display load factor 
has a value above the preset value R1 , the gain adjust- 
ment is performed in which the larger the display load 
factor is, the more the gradation is decreased. In this 
way, at least one subframe is forced to be a non-lighted 
subframe, so that a drive halt period is generated sub- 
stantially. Therefore, power consumption is reduced by 
the same rate as the automatic power control, and the 
wall voltage is prevented from varying in the address pe- 
riod. In the illustrated example, if the display load factor 
is 1 00% for example, the data conversion circuit 63b out- 
puts the subframe data Dsf for displaying the gradation 
value that is the product of the gradation value of the 
frame data Df and the gain 0.7. In this case, supposing 
that the number of display pulses is 1 1 1 (= 1 + 2 + 4 + 8 
+ 1 6 + 1 6 + 32 + 32) when all the sub-frames are lighted, 
the number of display pulses becomes 78 after being 
multiplied by the gain 0.7. Accordingly, subframes cor- 
responding to 33 (= 1 1 1 - 78) pulses are turned off, and 
two subframes whose number of display pulses is 16 
become the drive halt periods Ti2' and T\T as shown in 
Fig. 1 1 , which bring the effect of making the interval free. 
In the above-mentioned first and second embodiments, 
it is possible to omit monitoring the temperature of the 
panel surface, and to provide the drive halt period in ac- 
cordance with the display load factor. It is also possible 
to detect a power consumption for deciding whether or 
not to provide the drive halt period. 
[0045] According to the first and the second embodi- 
ments, since the period that was a free time is utilized, 
the display can be stabilized without changing the spec- 
ification such as the number of subframes, the number 
of display pulses and the address time. 
[0046] While the presently preferred embodiments of 
the present invention have been shown and described, 
it will be understood that the present invention is not lim- 
ited thereto, and that various changes and modifications 
may be made by those skilled In the art without departing 
from the scope of the invention as set forth in the ap- 
pended claims. 



Claims 

1. A method of driving a surface discharge format AC 
type plasma display panel, comprising: 

5 

providing a frame with three or more subframes 
(T1-T8) having luminance weights; 
setting on or off of light emission of cells for each 
of the subframes so as to realize a gradation 

10 display, each subframe having a plurality of sus- 

tain pulses proportional to its luminance weight; 
detecting a display load of the frame, which is 
an average value of gradation values of image 
data of the frame; 

15 detecting a temperature of a surface of the plas- 

ma display panel; 

decreasing a total number of the sustain pulses 
in the frame if the display load is above a preset 
value thereby to make a sum of subframe peri- 
20 ods in one frame shorter than a frame period, 

the subframe periods being allocated to the sub- 
frames; 

providing a drive haft period (TiO) in which no 
pulse is applied and no electrode bias is 

25 switched after a final subframe period (T8'), 

when the display load is above the preset value 
and the temperature of the panel surface is not 
more than a preset temperature, the drive halt 
period having a length corresponding to a differ- 

30 ence between the frame period and the sum of 

subframe periods; 

providing a plurality of drive halt.periods (Ti1- 
Ti8) in which no pulse is applied and no electrode 
bias is switched, the drive halt periods having 

35 length weights corresponding to luminance 

weight arrangement, when the display load is 
above the preset value and the temperature of 
the panel surface exceeds the preset tempera- 
ture, each drive halt period being provided after 

40 the corresponding subframe period; and allocat- 

ing a free time that is the difference between the 
frame period and the sum of subframe periods 
to the plural drive halt periods in accordance with 
the length weights. 

45 

2. A display device comprising a surface discharge for- 
mat AC type plasma display panel and a driving de- 
vice (60) for driving the plasma display panel, 

the driving device being arranged to realize a gra- 
50 dation display by providing a frame with three or more 
subframes (T1-T8) having luminance weights and 
by controlling on or off of light emission of cells for 
each of the subframes, each subframe having a plu- 
rality of sustain pulses proportional to its luminance 
55 weight, and 

the driving device including 
a display load factor detection circuit (69) for detect- 
ing a display load of the frame, which Is an average 
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value of gradation values of image data of the frame, 
a sensor (75) for detecting a temperature of a surface 
of the plasma display panel, and 
an automatic power control portion (61 ) for decreas- 
ing a total number of the sustain pulses in the frame 
if the display load is above a preset value thereby to 
make asum of subf rame periods in one frame shorter 
than a frame period, the subframe periods being al- 
located to the subf rames, 

wherein the automatic power control portion is adapt- 
ed such that 

a drive halt period (TiO) in which no pulse is applied 
and no electrode bias is switched is provided after a 
final subframe period (T8'), when the display load is 
above the preset value and the temperature of the 
panel surface is not more than a preset temperature, 
the drive halt period having a length corresponding 
to a difference between the frame period and the 
sum of subframe periods; 

a plurality of drive halt periods (Ti1-TiB) is provided 
in which no pulse is applied and no electrode bias is 
switched, the drive halt periods having length 
weights corresponding to luminance weight arrange- 
ment, when the display toad is above the preset value 
and the temperature of the panel surface exceeds 
the preset temperature, each drive halt period being 
provided after the corresponding subframe period 
and a free time that is the difference between the 
frame period and the sum of subframe periods is 
allocated to the plural drive halt periods in accord- 
ance with the length weights. 



Patentanspruche 

1. Verfahren zum Ansteuern eines AC-Plasmaanzei- 
gefeldes in Oberflachenentladungsausfuhrung, mit 
den Schritten: 

Vorsehen eines Frame mit drei oder mehr Sub- 
frames (T1 - TB) mit Lumianzgewichten; 
Ein- oder Ausschalten einer Lichtemission von 
Zellen fur jeden der Subframes, urn eine Abstu- 
fungsanzeige zu reaiisieren, wobei jeder Subf- 
rame mehrere Halteimpulse proportional sei- 
nem Luminanzgewicht aufweist; 
Detektieren einer Anzeigeauslastung des Fra- 
me, die ein Durchschnittswert von Abstufungs- 
werten von Bilddaten des Frame ist; 
Detektieren einer Temperatur einer Oberf lache 
des Plasmaanzeigefeldes; 
Verringern der Gesamtzahl der Halteimpulse in 
dem Frame, falls die Anzeigeauslastung ober- 
halb eines voreingestellten Wertes liegt, urn da- 
durch eine Summe von Subf ram e-Perioden in 
einem Frame kurzerals eine Frame-Periode zu 
machen, welche Subframe- Perioden den Subf- 
rames zugeordnet werden; 



Vorsehen einer Ansteuerungs-Unterbre- 
chungsperiode (TiO), in der kein Impuls ange- 
legt und keine Elektrodenvorspannung nach ei- 
ner letzten Subframe-Periode (T8') geschaltet 

5 wird, wenn die Anzeigeauslastung oberhaib des 

voreingestellten Wertes liegt und die Tempera- 
tur der Feldoberflache nicht mehr als eine vor- 
eingestelfte Temperatur ist, welche Ansteue- 
rn ngs-Unterbrechungsperiode eine Lange auf- 

10 weist, die einer Differenz zwischen der Frame- 

Periode und der Summe von Subframe- Peri- 
oden entspricht; 

Vorsehen mehrerer Ansteuerungs-Unterbre- 
chungsperioden (Ti1 - Ti8), in denen kein Impuls 

15 angelegt wird und keine Elektrodenvorspan- 

nung geschaltet wird, welche Ansteuerungs- 
Unterbrechungsperioden Langengewichte ent- 
sprechend einer Luminanzgewicht-Anordnung 
aufweisen, wenn die Anzeigeauslastung ober- 

20 halb des voreingestellten Wertes liegt und die 

Temperatur der Feldoberflache die voreinge- 
stellte Temperatur ubersteigt, wobei jede An- 
steuerungs-Unterbrechungsperiode nach der 
entsprechenden Subframe-Periode vorgese- 

25 hen wird; und Zuordnen einer freien Zeit, die die 

Differenz zwischen der Frame-Periode und der 
Summe von Subframe- Perioden ist, den meh- 
reren Ansteuerungs-Unterbrechungsperioden 
gemaG den Langengewichten. 

30 

2. Anzeigevorrichtung, mit einem AC-Plasmaanzeige- 
feld in Oberflachenentladungsausfuhrung und einer 
Ansteuervorrichtung (60) zum Ansteuern des Plas- 
maanzeigefeldes, 

35 welche Ansteuervorrichtung eingerichtet ist, urn eine 
Abstufungsanzelge zu reaiisieren, indem ein Frame 
mit drei oder mehr Subframes (T1 - T8) mit Lumi- 
nanzgewichten vorgesehen wird und indem eine 
Lichtemission von Zellen fur jeden der Subframes 

40 an oder aus gesteuert wird, wobei jeder Subframe 
mehrere Halteimpulse proportional seinem Lumi- 
nanzgewicht aufweist, und 
welche Ansteuervorrichtung umfasst 
eine Schaltung (69) zur Detektion von Anzeigeaus- 

45 lastungsfaktoren, urn eine Anzeigeauslastung des 
Frame zu detektieren, die ein Durchschnittswert von 
Abstufungswerten von Bilddaten des Frame ist, 
einen Sensor (75), um eine Temperatur einer Ober- 
f lache des Plasmaanzeigefeldes zu detektieren, und 

50 einen Teil (61) zur automatischen Leistungssteue- 
rung, um eine Gesamtzahl der Halteimpulse in dem 
Frame zu verringern, falls die Anzeigeauslastung 
oberhaib eines voreingestellten Wertes liegt, um da- 
durch eine Summe von Subf rame-Perioden in einem 

55 Frame kurzer als eine Frame-Periode zu machen, 
welche Subframe- Perioden den Subframes zuge- 
ordnet werden, 

wobei der Teil zur automatischen Leistungssteue- 
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rung so angepasst ist, dass eine Ansteuerungs-Un- 
terbrechungsperiode (TiO), in der kein Impuls ange- 
legt und keine Elektrodenvorspannung geschaltet 
wird, nach einer letzten Subframe-Periode (T8') vor- 
gesehen ist, wenn die Anzeigeauslastung oberhalb 5 
des voreingestellten Wertes liegt und die Tempera- 
tur der Feldoberflache nicht mehr als eine voreinge- 
stellte Temperatur ist, welche Ansteuerungs-Unter- 
brechungsperiode eine Lange hat, die einer Diffe- 
renz zwischen der Frame-Periode und der Summe M> 
von Subframe-Perioden entspricht; 
mehrere Ansteuerungs-Unterbrechungsperioden 
(Ti1 - T18) vorgesehen sind, in denen kein Impuls 
angelegt und keine Elektrodenvorspannung ge- 
schaltet wird, welche Ansteuerungs-Unterbre- *5 
chungsperioden Lange ngewichte entsprechend ei- 
ner Luminanzgewicht-Anordnung haben, wenn die 
Anzeigeauslastung oberhalb des voreingestellten 
Wertes liegt und die Temperatur der Feldoberflache 
die voreingestellte Temperatur ubersteigt, wobei je- 20 
de Ansteuerungs-Unterbrechungsperiode nach der 
entsprechenden Subframe-Periode vor-gesehen ist; 
und eine freie Zeit, die die Differenz zwischen der 
Frame-Periode und der Summe von Subframe-Pe- 
rioden ist, den mehreren Ansteuerungs-Unterbre- 25 
chungsperioden gemaB den Langengewichten zu- 
geordnet wird. 



pulsion et dans laquelle il n*y a commutation 
d'aucune polarisation d'electrode apres une p6- 
riode finale de sous-cadre (T8'), lorsque la char- 
ge d'affichage est superieure a la valeur pre- 
etablie et lorsque la temperature de la surface 
du dispositif d'affichage n'est pas superieure a 
une temperature pre-etablie, la periode d'arret 
de commande ayant une longueur correspon- 
dent a une difference entre la periode de cadre 
et la somme des periodes de sous-cadre ; 
la fourn'rture d'une pluralite de periodes d'arret 
de commande (Ti1-Ti8) dans lesquelles il n'est 
applique aucune impulsion et dans lesquelles il 
n'y a commutation d'aucune polarisation d'elec- 
trode, les periodes d'arret de commande ayant 
des polds de longueur correspondant a I'agen- 
cement de poids de luminance, lorsque la char- 
ge d'affichage est superieure a la valeur pre- 
etablie et iorsque la temperature de la surface 
du dispositif d'affichage depasse ta temperature 
pre-etablie, chaque periode d'arret de comman- 
de etant fournie aprfcs la periode de sous-cadre 
correspondante ; et ['attribution d'une pause, qui 
est la difference entre la p6riode de cadre et la 
somme des periodes de sous-cadre, aux perio- 
des d'arret de commande plurielles conforme- 
ment aux poids de longueur. 



Revindications 

1. Precede de commande d'un dispositif d'affichage a 
plasma a format a decharge superficielle du type CA, 
comprenant : 

la fourn'rture d'un cadre comportant trois ou plus 
de trois sous-cadres (T1-T8) ayant des poids de 
luminance ; 

I'allumage ou I'extinction des cellules a emission 
de f umiere pourchacun des sous-cadres de ma- 
niere a realiser un affichage a gradation, chaque 
sous-cadre ayant une pluralite d' impulsions de 
maintien proportionnellement a son poids de 
luminance ; 

la detection d'une charge d'affichage du cadre 
qui est une valeur moyenne des valeurs de gra- 
dation des donnees d'image du cadre ; 
la detection d'une temperature d'une surface du 
dispositif d'affichage a plasma ; 
la diminution d'un nombre total des impulsions 
de maintien du cadre si la charge d'affichage est 
superieure a une valeur pre-etablie pour alnsi 
faire en sorte qu'une somme de periodes de 
sous-cadre dans un cadre soit plus courte 
qu'une periode de cadre, les periodes de sous- 
cadre etant attribuees aux sous-cadres ; 
lafourniture d'une periode d'arret de commande 
(TiO) dans laquelle il n'est applique aucune im- 



2. Dispositif d'affichage comprenant un dispositif d'af- 
30 fichage a plasma a format a decharge superficielle 
dutype CA et un dispositif de commande (60) destine 
a commander le dispositif d'affichage a plasma, 
le dispositif de commande etant agence pour realiser 
un affichage a gradation grace a la fourn'rture d'un 
35 cadre comportant trois ou plus de trois sous-cadres 
(T1-T8) ayant des poids de luminance et a la com- 
mande visant a I'allumage ou a I'extinction de cellu- 
les a emission de lumiere pour chacun des sous- 
cadres, chaque sous-cadre ayant une pluralite d'im- 
40 pulsions de maintien proportionnellement a son 
poids de luminance, et le dispositif de commande 
comprenant 

un circuit de detection de facteur de charge d'affi- 
chage (69) destine a detecter une charge d'affichage 

45 du cadre qui est une valeur moyenne des valeurs de 
gradation des donnees d'image du cadre ; 
un capteur (75) destine a detecter une temperature 
d'une surface du dispositif d'affichage a plasma, et 
une partie de commande de puissance automatique 

so (61 ) destinee a diminuer un nombre total des impul- 
sions de maintien du cadre si la charge d'affichage 
est superieure a une valeur pre-etablie pour atnsi 
faire en sorte qu'une somme de p6riodes de sous- 
cadre dans un cadre soit plus courte qu'une periode 

55 de cadre, les periodes de sous-cadre etant attri- 
buees aux sous-cadres ; 

la partie de commande de puissance automatique 
etant concue pour que 
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une periode d'arrSt de commande (TiO), dans la- 
quelle il n'est applique aucune Impulsion et dans la- 
quelle il n'y a commutation d'aucune polarisation 
d'electrode, soit foumie apres une peYiode finale de 
sous-cadre (T8'), lorsque la charge d'affichage est 5 
superieure a la valeur pre-etablie et la temperature 
de la surface du dispositif d'affichage n'est pas su- 
peneure a une temperature pre-etablie, la periode 
d'arret de commande ayant une longueurcorrespon- 
dant a une difference entre la periode de cadre et la io 
somme des peYiodes de sous-cadre ; 
une plurality de pgriodes d'arret de commande (T11 - 
Ti8) soientfournies, dans lesquelles il n'est applique 
aucune impulsion et dans lesquelles il n'y a commu- 
tation d'aucune polarisation d'electrode, les perio- '5 
des d'arret de commande ayant des poids de lon- 
gueur correspondant a I'agencement de poids de 
luminance, lorsque la charge d'affichage est supe- 
rieure a la valeur pre-etablie et lorsque la tempera- 
ture de ia surface du dispositif d'affichage depasse 20 
la temperature pr§-6tablie, chaque periode d'arret 
de commande etant fournie apres la p6riode de 
sous-cadre correspondante ; et 
une pause, qui est la difference entre la periode de 
cadre et la somme des periodes de sous-cadre, est 25 
attribuee aux periodes d'arret de commande pluriel- 
les conformement aux poids de longueur. 



10 



EP 1 265 212 B1 




11 



EP 1 265 212 B1 



co 
co 




12 



EP1 265 212 B1 




EP 1 265 212 B1 



FIG.5 
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FIG.9 
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FIG.13 
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